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Figure 2. Morphology of Complement vs. Mutant Strains
Figure 1. Experimental Design
Candida albicans is an opportunistic fungal pathogen and a member of the normal human
microbiota. It is closely related to the harmless fungus, Saccharomyces cerevisiae. Some genes
associated with the virulent nature of C. albicans are similar to genes in S. cerevisiae. Three of
these genes, PHO13, NRG1, and TUP1 are known to repress the change from yeast to
filamentous growth in C. albicans, an important virulence trait. However, similar genes in S.
cerevisiae are known to have functional differences. Our goal was to see if the ancestral function
of these genes have drifted apart by examining the expression of C. albicans genes in S.
cerevisiae mutants. This will lead us to know more about the regulatory mechanisms of C.
albicans. We have successfully constructed S. cerevisiae strains expressing C. albicans genes
and are now in the process of testing phenotypic differences.
Figure 4. tup1 Mutant Strain Phenotypic Testing  
All complement strains and deletion strains were grown in YNB + galactose at 28℃ for 72 hours to
induce the GAL promoter. The pho13 strains had small groups of yeast cells whereas the pho13𝚫
is more separated. The tup1𝚫 exhibited much more clumping than the tup1 strain. For the nrg1𝚫,
the cells were in small clumps while the cells in nrg1 were spread out or in pairs.
The steps followed to transform S. cerevisiae with C. albicans genes. After each transformation,
steps were taken to verify if the colony had taken up the plasmid which consisted of pYes vector
and the gene of interest (PHO13, TUP1, and NRG1). For each gene that was transformed into S.
cerevisiae, these steps were followed.
A. Temperature assay. Cells were spotted at various dilutions onto solid YNB + Galactose plates
and grown in 37℃ and 42℃. There was no growth for any of the strains on the 42℃ plate. B.
Testing mannitol as a carbon source. Strains grew on YNB + mannitol + glucose/galactose in 28℃
for 72 hours. All strains grew at all dilutions except the mutant strain. C. Testing growth on YNB
plates containing DTT (Dithiothreitol) in 28℃ for 72 hours. The complement strain grew at the
lowest dilution only on the plate containing galactose.
Our goal for the project was to see if there is any evidence of ancestral divergence between
shared C. albicans and S. cerevisiae genes. The morphology of the S. cerevisiae complement
strains all looked different than its respective mutant strain. This tells us that the gene is being
expressed when grown in YNB + galactose. As for the phenotypic testing, the WT, pho13𝚫, and
pho13 grown with glucose all had peripheral wrinkling indicating a stress response due to lack of
nutrients. However, the pYESPHO13 grown on galactose did not filament, as seen in Fig. 3B. We
saw complementation for the TUP1 temperature assay; the pYESTUP1 had grown on the 37℃
plate just as the WT did (Fig. 4A). Along with that, the tup1 complement strain exhibited decreased
resistance to DTT compared to the mutant strain. However, in Fig. 3A, the pYESPHO13 strain
behaved more like the mutant strain, growing up to 104 dilution, unlike the WT.
pYes, a S. cerevisiae vector was used to incorporate the C.albicans genes into S. cerevisiae. We
are still testing the use of CIPSAT, a C. albicans vector, to construct the S. cerevisiae mutant
strains. Along with that, we are also still testing other genes that are integral for regulating
filamentous growth in C. albicans to still test if there is, in fact, ancestral divergence in the shared
genes between the two organisms. This work was supported by the Student Summer Scholarship
and Office of Undergraduate Research and Scholarship.
Saccharomyces cerevisiae, a harmless baker's and brewer's yeast, is closely related to C.
albicans. Much like C. albicans, S. cerevisae also can change shape in response to various
environmental conditions. But, it only has two cellular morphologies, those being yeast and
pseudohyphae. C. albicans, on the other hand, has three morphologies, those being yeast,
pseudohyphae, and true-hyphae. Both fungi share common genes important for regulating
filamentous growth but are believed to have ancestral divergence. Three genes we used that are
responsible for repressing filamentous growth in C. albicans are TUP1, NRG1, and PHO13.
Being that S. Cerevisiae has equivalent genes, begs the question of how similar or different are
these homologs since there have been some reported phenotypes of S. cerevisiae that does not
complement C. albicans. By expressing C. albicans genes in S. cerevisiae mutant strains using a
transformation, we can test gene function in their corresponding environmental conditions to see
if the strains can retain function. We can also express the genes in S. cerevisiae wild type strain
to see how the morphology compares to C. ablicans.
Figure 3. pho13 Mutant Strain Phenotypic Testing 
A. Testing salinity. Cells were spotted at various dilutions onto solid YNB + galactose (and
glucose to repress the promoter) + 1M NaCl plates and incubated at 28℃ for 72 hours (top 2
panels). In the top left panel, all spotted cells grew at lower dilutions and did not have much
growth at higher dilutions. The pho13 transformed strain had better growth on the glucose
plate than the galactose plate. B. SLAD media (low-nitrogen media). The WT and pho13𝚫
grown on the SLAD + galactose plates and pho13 strain grown on SLAD + glucose plate
exhibited wrinkling around the edges of the colonies. Whereas the pho13 strain grown on the
galactose plate had no signs of filamentation.
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